Smog chamber experiments using as a starting point ambient air can improve our understanding 11 of the evolution of atmospheric particulate matter at timescales longer than those achieved by 12 traditional laboratory experiments. These types of studies can take place under more realistic 13 environmental conditions addressing the interactions among multiple pollutants. The use of two 14 identical smog chambers, with the first serving as the baseline chamber and the second as the 15 perturbation chamber (in which addition or removal of pollutants, addition of oxidants, change in 16 the relative humidity, etc.), can facilitate the interpretation of the results in such inherently 17 complex experiments. The differences of the measurements in the two chambers can be used as 18 the basis for the analysis of the corresponding chemical or physical processes of ambient air. 19 A portable dual smog chamber system was developed using two identical pillow-shaped 20 smog chambers (1.5 m 3 each). The two chambers are surrounded by UV lamps in a hexagonal 21 arrangement yielding a total JNO2 of 0.1 min -1 . The system can be easily disassembled and 22 transported enabling the study of various atmospheric environments. Moreover, it can be used 23 with natural sunlight. The results of test experiments using ambient air as starting point are 24 discussed as examples of applications of this system. 25 26 observations where several variables, such as weather conditions, pollutant emission rates, 32 dilution and transport are all contributing to the observed changes (Kim et al., 2009). Typically, 33
Introduction

27
Teflon reactors, known as smog or atmospheric simulation chambers have been valuable 28 research tools for the study of the complex chemical interactions that take place in the 29 atmosphere. Studies using such reactors date back to the 1950s (Finlayson and Pitts, 1976) . The 30 use of these chambers eliminates many of the uncertainties resulting from the analysis of ambient 31 Seoul. The potential OA enhancement or sink due to aging of ambient air has been also studied 64 in the field by the use of oxidation flow reactors (OFR) in various ambient environments (Tkacik 65 et al., 2014; Ortega et al., 2016) . The OFR uses high OH levels, thus simulating atmospheric 66 oxidation in timescales of several days to weeks. On the other hand, typical experiments in 67 atmospheric simulation chambers take place at close to ambient OH levels and simulate hours to 68 a few days of aging. 69 There have been a few efforts to use portable smog chamber facilities for different 
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(2013) featuring a 9 m 3 Teflon reactor that can be mounted on a trailer. 75 The interactions of the walls of the chamber with the pollutants inside it represent a major 76 experimental challenge and have been the topic of several studies. Gas-phase pollutants (e.g., 77 ozone) are lost to the walls and increased relative humidity tends to increase the decay rates 78 measured (Akimoto et al., 1979) . The walls also can serve as a source of OH mainly outgassing 79 nitrous acid (HONO) (Jeffries et al., 1976; Akimoto et al., 1979; Carter et al., 1982; Sakamaki et 80 al., 1983; Pitts et al., 1984; Jenkin et al., 1987; Glasson and Dunker, 1989; Killus and Whitten, 81 1990; Finlayson-Pitts et al., 2003) . In most cases OH production increases with temperature, 82 humidity and NO2 concentration (Sakamaki et al., 1983; Pitts et al., 1984; Kleffmann et al.,1998; 83 Svensson et al., 1987; Jenkin et al., 1987) . Akimoto et al. (1987) and Sakamaki and Akimoto 84 (1988) reported higher HONO concentrations at higher light intensity. Auxiliary mechanisms 85 have been developed to describe the background reactivity of smog chambers (Bloss et al., 2005; 86 Carter et al., 2005; Hynes et al., 2005; Rohrer et al., 2005; Metzger et al., 2008; Wang et al., 87 2011; Wang et al., 2014) . In these mechanisms, the role of the chamber walls as sinks and 88 sources of gas-phase pollutants is parameterized and these reactions are added to the actual gas-89 phase chemistry model used to interpret the measurements in the chamber.
90
Typically, smog chamber experiments isolate a pollutant or a mixture of pollutants 91 emitted by a source and focus on its chemistry. In most cases, clean air is used as the starting 92 point of the experiment. While the corresponding results are clearly valuable, these experiments 93 4 might miss the potentially important interactions of the examined chemical system with other 94 pollutants existing in ambient air. To close this major gap between the laboratory studies and the 95 ambient atmosphere, a portable dual smog chamber system with UV lights is designed and tested 96 in this study. The chamber has been developed to use ambient air rather than clean air as its 97 starting point. Having the advantage of being portable enhances the opportunities to study 98 several environmental scenarios and simulate the processes occurring in previously out-of-reach 99 chemical regimes (e.g., very aged air masses). The preliminary tests of the operation of this 100 system are presented. Relatively small Teflon reactors were selected for this system so that they can be filled in a 105 matter of minutes, while having a volume adequate to support a 4-hourbatch experiment, losing 106 less than a third of their volume based on the standard instrumentation sampling flow rates. A set 107 of two identical smog chambers was constructed from Teflon (PTFE) film (DuPont PTFE 2 mil, 108 0.5 m wide.). Each chamber has a nominal volume of 1.5 m 3 . The two chambers are pillow-109 shaped and are permanently mounted on a metal frames ( Figure 1a ). The relatively small volume 110 of the chambers along with the fixed frame enables their easy and safe transport without having 111 to disassemble them or to remove the sampling ports. Relative humidity (RH) and temperature 112 sensors are also fixed on the chambers. The frame dimensions are 1.7 x 0.5 x 1.7 m. Two 113 sampling ports (one per chamber) with multiple lines and a temperature/RH sensor were installed 114 on the reactors. 115 We constructed the chambers in our laboratory in Patras. The reactors were thoroughly 116 cleaned and conditioned before the first characterization experiment. The cleaning procedure 117 involved first introduction of high O3 concentrations with the UV lights on and heating to 118 approximately 50 o C. Clean air was passed then through chambers for several hours. Blank 119 experiments were performed periodically both in the lab (during the characterization phase) and 120 in the field. The particle wall losses are measured after each field experiment. We did not 121 observe any evolution of the wall chemical behavior in these initial tests.
122
Sampling is alternated between the two chambers every three minutes by an automated 123 three-way valve synchronized with the operation of the corresponding instrumentation. This 124 5 allows a total duration of the experiments of more than 4 hours without the addition of make-up 125 air. In order to eliminate interferences and memory effects due to this periodical alteration of the 126 sampling lines, adequate time (30 s) is allowed within the three-minute sampling cycle for the 127 lines to be flushed with the sample air from the next chamber. This is achieved by synchronizing 128 the line flushing with the measuring instrumentation and discarding the data collected during this 129 30 s period. shows the UV light assembly without the covering material. Flexible tent poles were used to 137 create a dome that can be partially or fully covered protecting the chambers from the weather 138 elements (Figures 1c and 1d ). The sixth side does not include lights and is used as an entrance 139 for chamber maintenance. The lights can be remotely operated at 20, 40, 60, 80 and 100% levels. Figure S1 ). The two chambers are placed inside this dome having at least a 0.5 m clearance from 144 the UV lights when full. This design also allows the use of a single 10 m 3 chamber if so desired. If required clean particle free air can be introduced in the chambers. Dry air is generated 155 by an oil-less compressor (Bambi VT200D) and further purified by activated carbon (Carbon 156 cap, Whatman), HEPA filters (HEPA capsule, Pall) and silica gel (Silica gel rubin, Sigma-157 Aldrich). The compressor and air cleaning system are not used for the actual experiments. In 158 these experiments the chambers are filled with ambient air without the use of cleaning devices.
159
The compressor/cleaning system is used for the cleaning of the chambers between experiments 160 and for blank or other chamber characterization experiments. Typically, the concentrations of 161 ozone, NOx and larger VOCs are below or close to the detection limit in the chambers when they 162 are filled with clean air from our system. The scrubbers were replaced regularly and the on the walls over time. In this step, the chambers may be refilled with particle free air. This last 194 stage is used to quantify the particle size-dependent wall loss rate constants in order to make Table S1 in the Supplementary Information. 
Contamination tests 213
Tests were conducted in the field in order to assess the potential contamination of the chambers 214 by ambient air. The chambers were filled with clean (particle free) air and the particle 215 concentration inside the chambers was monitored by an SMPS. Figure 2 shows the total number 216 8 concentrations in the two chambers. The particle number concentrations remained below 10 cm -3 217 in both chambers for several hours. The aerosol mass concentration (not shown) was less than 218 0.01 μg m -3 . This suggests that clean conditions can be maintained for both chambers for the 219 duration of a typical field experiment. the two chambers and the ambient air was in the range of 2.5-6 degrees, suggesting that identical 231 results can be obtained when filling these chambers with ambient air and that the filling process 232 does not contaminate the air sample. The theta angle is a measure of the similarity of the OA 233 spectra (similar to the often used R 2 ). Εach mass spectrum is treated as a vector (each m/z is an 234 element of the vector) and theta is the angle between two such vectors. We prefer to use theta 235 angle for AMS spectra comparisons because it can distinguish better small differences in spectra 236 that the coefficient of determination cannot.
237
Pump and tubing losses during the filling procedure were evaluated in order to establish 238 the difference between ambient concentrations and the ones obtained in the chambers. The same 239 number distributions are achieved in both chambers after filling them with ambient air. The 240 penetration efficiency through the tubing and the pump for particles with diameter larger than 241 80nm is close to 100%, while for smaller particles due to higher diffusional deposition the 242 penetration efficiency is 45%. The length of the tubing is approximately one meter (with a 0.5 in 243 diameter). The estimated losses for this tube for the flow rates used and for particles in the 20-80 244 nm size range are 1-3 percent. Therefore, most of the losses are occurring in the pump. 
Particle wall losses 248
Loss of particles to the walls is one of the processes that complicate the analysis of smog 249 chamber experiments. The use of smaller reactors with lower surface to volume ratios can 250 accelerate these losses. Disturbances of the Teflon reactors tend to increase the wall loss rates 251 due to the buildup of static charges on the chamber walls. Transporting and installing the reactors 252 also results in higher wall loss rate constants (Wang et al., 2018) .
253
In order to assess the wall loss behavior of the system experiments were conducted both 254 in the laboratory and in the field. In all cases, ammonium sulfate seeds were added to the 255 chambers and their decay with time was measured. Typically, the chambers were first filled with 256 clean (particle free) air and then ammonium sulfate seeds were introduced. A solution of 5 g L -1 257 ammonium sulfate was used for the atomizer and a flow rate of 2 L min -1 . The decay of the 258 particles was monitored by an SMPS. Size dependent wall loss rate constants were calculated 259 correcting for coagulation (Wang et al., 2018) . Figure 4a represents the average size dependent 260 profiles for the loss rate constant Kc of the two chambers for the laboratory experiments. On the 261 field, higher rate loss constants were measured (Figure 4b ). For example, loss rate constants of 262 0.2 h -1 were measured for the 350 nm particles in the lab, while for the same size range, a value 263 of approximately 0.5 h -1 was measured in the field. Figure 4c and 4d show the wall loss profiles 264 of the two chambers when deployed in the Finokalia campaign over three days of measurements.
265
In both chambers the wall loss rate constants were decreasing over time. During the field 266 deployment of the chambers their handling and the corresponding induced friction resulted in 267 higher charges on the chambers walls and thus higher particle wall losses. These higher losses 268 had also a stronger size dependence. On the other hand, when the chambers were inside the lab, constants for a wide range of particle sizes.
275
In order to assess if it is possible to minimize such charges a test was conducted in the 276 Teflon reactors in the lab. The chambers were moved in a different location inside the building 277 where the lab is located. The two reactors were handled in exactly the same way simulating the 278 handling during a field deployment. One of the chambers was inflated with air to almost half-full 279 while the other was empty. The particle wall-losses were measured before and after the 280 movement. Figure 5 represents the loss rate constants in the two chambers because of the 281 movement. The loss rate did not change in the partially inflated chamber. The other chamber 282 though experienced an increase in the loss rate constants, almost doubling for the particles in the 283 range 50-200 nm, due to stronger friction of the Teflon walls with each other and thus building 284 static charge. No significant change was noticed for particle larger than 250 nm.
285
The high particle wall losses introduce uncertainty in the results, because the wall-loss 286 corrections dominate the corrected concentration values. If the losses are very high, the 287 maximum duration of such experiments may be limited. We have been working on developing 288 methods to minimize these effects. Moving the chambers to the field site either fully or at least 289 partially inflated inside our mobile laboratory clearly helps. 
ΝΟx, O3, and OH interactions with the walls 300
A series of experiments were performed to quantify the loss rates of NOx and O3 to the Teflon 301 walls of the chambers and the OH production rates. These can be used for the development of an 302 auxiliary mechanism. The experiments were carried out for two light intensities (JNO2 of 0.03 303 min -1 and 0.1 min -1 ) and for two RH values (RH<10% and 50±15%). The OH levels in the 304 chamber were estimated based on the decay of d-butanol. HONO off-gassing from the chamber 305 walls was not measured directly, but was estimated based on the OH levels. Effective OH 306 production rates were estimated using a pseudo-steady-state assumption. The OH production 307 rates were practically negligible at low RH, but increased at 50% RH and depended on light 308 intensity. The results of these measurements can be found in the SI. These measurements Prior to the experiment, both chambers were flushed with particle-free air overnight under UV 323 illumination to remove any residual particles and gas-phase organics. Both chambers were filled 324 with ambient air using the metal bellows pump. During the filling procedure, the instruments 325 were measuring ambient conditions. After the addition of ambient air in the chambers, d9-326 butanol (60 ppb) was added to both of them as an OH tracer (Barment et al., 2012) . The OH 327 levels can be estimated by the decay in the d9-butanol concentration measured be the PTR-MS 328 system at m/z 66. The reaction constant for the butanol reaction with OH is 3.4 x 10 12 cm 3 329 molecules -1 s -1 . HONO was injected only into the perturbation chamber for about 3 min to 330 produce OH upon UV illumination. The UV lights then turned on were illuminating both 331 chambers. After the completion of the perturbation experiment, a seed wall-loss experiment was 332 conducted to quantify the particle wall-loss rate constants for the two chambers as described in The wall-loss corrected total particle number concentration as measured by the SMPS is 337 shown in Figure 6 . The instruments were measuring ambient conditions during the filling 338 process. The average ambient number concentration was around 2500 cm -3 . HONO was injected 339 in the perturbed chamber at t=0.4 h. After turning on the UV lights (t=0.6 h) an increase in the 340 12 total particle number and volume in the perturbed chamber was observed while no change in the 341 control chamber was noticed. The increase in the perturbed chamber is due to the formation of 342 new particles (Figure 7) .
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Based on the AMS measurements, the ambient air used to fill the chambers contained on 344 average 3.6 μg m -3 of non-refractory PM1 with organics accounting for 75%, sulfate 17%, 345 ammonium 6% and nitrate 2%. The collection efficiency of the AMS measurements was found 346 to be 0.6 based on the algorithm of Kostenidou et al. (2007) , while the estimated OA density was 347 1.2 g cm -3 . The calculated theta angle (Kostenidou et al., 2009) between the ambient and the 348 chamber organic mass spectra vectors was around 5 degrees, indicating that the aerosol 349 composition inside the chamber was essentially the same as in the ambient.
350
To quantify the secondary aerosol formation, data were corrected for both the collection 351 efficiency and for particle wall-losses. Figure 8 shows the concentrations of the major PM1 
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Implementing the system in the field will enable the study of complex systems that were 388 previously out of reach with traditional stationary chamber facilities. 
